BD^ 207 796 



DOCOIBIT BBSOHE 



SS 033 657 



jlo;hob 

TITLB 

ihstitotiom' 

SPONS iGEMCT 
POB OiTE 
6BANT 



&?&ILABLB PBOH 



EDBS PBICE 
DESCBIPTOBS 



IDENTIFIERS 



Craig, Jerry; Stapleton, Jerry 

Science and Engineering Graphics I. A Study Guide of 
the Science and Engineering Ic^chnician Curricuiun. 
Saint Louis Coaiunity Coll« FlorA.S5ant Valley, 

Ho. 

National Science Foundation, fiashingion, D. C« 
76 

NSF-GZ-3378; HSF-HES7»l-2228«»-i0 1 ; BSf-Si;D77- 17935 
1»i»p.; For related documents, see SE 033 6^7-656. Not 
available in paper copy due to copyright 
restrictions. Contains nuserous light and hrolien 
type. 

National Science Teachers issociation, 47^2 
Connecticut Ave., N.B., Bashington, DC 20009 (i»rite 
for correct price) . 

BFOI Plus Postage. PC Not Available fron EDBS. 
Associate Degrees; Charts; *Collega Science; 
Diagraas; ^Engineering Drawing; Engineering Graphics; 
Graphic Arts; Graphs; ^Instructional Materials; 
Interdisciplinary Approach; Orthographic Projection; 
*Post secondary Education; science course laproveBeBt 
Projects: ^Technical Education; lechnical 
Illustration 

^Science and Engineering Technician Curriculua 



AB3TBACT * 

This study guide is part of a program of studies 
entitled Science and Engineering Technician (SET) Curricuiua. The SET 
CurriculUB was dereloped for the purpose of training technicians in 
the use of electronic instruaents and their applications. It 
integrates elements froa the disciplines of chenistry, piiysics, 
_«ath_eiatics, aechanical technology, and electronic technology- This 
guide provides basic inforaation related to the following topics: (1) 
letterino and use of equipaent; (2) geoaetricai construction; (3) 
sketching and shape description; («♦) aultiview projection; (5) 

, auxiliary views; (6) sectional views; (7) drawing; and (8) charts and 

* graphs. (Author/SK) 



♦♦♦♦♦♦****♦♦♦»♦♦♦****♦****************♦♦♦*♦♦♦♦♦*♦♦♦♦♦♦♦*•♦*♦♦♦♦♦♦*♦♦♦♦♦ 

* Beproductions supplied by EDBS are the best that can be aade * 
« froa the original document. * 

«♦♦*♦♦♦♦♦♦♦♦♦**♦♦♦♦****************♦*♦♦♦♦♦♦*♦*♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦**»**♦♦♦ 



us OE^AMTMENTOf NCALTH. 
EOUCATtOM ft WELFAME 
NATIONAL INSTITUTE OF 
EDUCATION 

THIS DOCUMENT MAS ^EEN R E Pf 
DuCEO EXACTLY AS RECEIVED FH( 
THE PERSON OR ORGAMZAT»ON ORIC 
ATtNGiT POINTS OF VIEW OR OPINIO 
STATED DO SOT NECESSARILY REPJ 
SENT OFF ICI At NATIONAL INSTITUTE 
EDUCATION POSITION OR POLICY 




404 



1 1 Award Number 
SEDR DATA FORMAT -n/N-ic 

1 SED77-17935 


2. Award Date 

September 28, 1977 


3. Termination Date ] 

July 31, 1979 


6. Titl« 

Science and Engineering Graphics I: 

A Study Guide of the Science and Engineering Technician Curriculum 


4. Amount of Award 

$70,400 (Cum, Amt,) 

5. Type 

Final Technical Report 


7. Performing Organization 

8BT Project 

St, Louis Community College at Florissant Valley 
St, Louis, MO 63135 


8. Pagination 

131 pages 

9. Accession Number 

00319 


1 1 . Principal Investigator. Field or Specialty 

Donald R. Mowery / , / / , 

^ i ^" - / ' - 


iO. Performing Organization 
Report Number 


12. NSF Program Manager 

Gene D* Amour 


13. SEDR Program 

DISE 


14. SEDR Subprogram 



I IS. Abstract 

This study guide is part of a program of studies entitled the Science and Engineerina 
Technician Curr iculum , The SET curriculum was developed for the purpose of training technician! 
In the use of electronic instruments and their applications. It integrates elements from the 
disciplines of chemistry, physics, mathematics, mechanical technology, and electronic technol- 

""^^ Science and Engineering Graphics I provides basic information related to the following 
topics: (1) lettering and use of equipment? (2) geometrical construction; (3) sketching and 
Shape description; (4) multiview projection; (5) auxiliary views; (6) f ^^^^^^^^J^^^? 
basic dimensions; (8) electrical and electronic drafting; (9) welding drawing; (IO pipe 
drawing; and ( 1 1J charts and graphs. 



If. Descriptors 

^udy Guides 
Instructional Materials 
Associate Degrees 
iScience Curriculum 



Engineering Technicians 
Engineering Graphics 
Drafting 

Engineering Drawing 



17, Identifiers 

Science and Engineering Technician Curriculum (SET) 



IS. FleM 


19. Target Audience 


Engineering Education 


Two-Year College Students 


20. AvallablUty 

Limitsd number of copies available from St. 
Ippy^tomraunity College at Florissant Valley , 
jfcKJL,4,. MO 63135 


21. Supplemental Notee 

One copy 

*^ 



/ 



SCIENCE AND- ENGINEERING 
GRAPHICS I 



A Study Guide 
Of 

The Science and Engineering Technician 
curriculu!^. 



Authors: Jerry Craig 

St. Louis Community Conene at Forest Park 

Jerry Stapleton 

St. Louis Community CollGqe aL F I o r i an t Valley 



Project Directors: B-.ll G. Aldridge 

Oona 1 ci '< . Mower V 
'.aw re nee Wc>1t 



Study Guide Editor: Peqgy Dixon 

Montqoinery Colluqev Takoma ^^ark, MD 



Address: SET Project 

Sr. Louis Community College at Florissant Valley 
St. Louis, Missouri 63135 



Copyright (c) 1976 by St. Louis Community Coll. 4- at Florissant Val lev . 
Printed in the United States of Anv rira. All riqht^ re^^.'-tvoa. This book 
or parts thereof may not be reproduced in ony f(.mi without permission. 

The materials contained herein wero devulopfu; \inder Grant Nimibers 
HES74-22284 AOl,* GZ-3378, and SED77-17035. 

ERIC ^ 



f TABLE OF CONTESrrS 



Page 

I 

CHAPTHR I - INTRODUCTORY TOPICS ^. 1 

.>ocl ion l.i - Lettf'rinq ] 

.r^^^ction 1.2 - Use of Equipment 4 

/HAPTPK II- v',E OMFTRICAL CONSTRUCTION ^ 11 

So^'tion .'.I - bdbic Applied Geometry % 11 

CifAi^'hK iJI - SKETCHING AND SHAPE DESCRIPTION 17 

ti"fi ^. 1 - Jkt^tchinq Materials and Lines Technique 17 

r ion i.j - Isometric Sketching 19 

CfiAPFKH IV - MULTIVIEW PRaiKCTION 25 

^ectiori 4. 1 - Theory of Piojection 25 

S^^ction 4.2 - Instrument Drawing 29 

CtiAPrrR V - AUXILIARY VIEWS 34 

.^f'l'tion 5.1 - Primary Auxiliary Views 34 

CHAPTER VI - SECTIONAL VIEWS 39 

Murtion 6,1 - Cutting Planes, Section Lining, Full and 

Half Sections 39 

oecticni b.2 - Other Types of Sectioned Views ^ 42 

^hAITER VII - B/^SIC DIMLu. TONING 54 

o^ctioii "".1 - Means for Specifying Dimensions 54 

.loctiun 1 . 2 - Standard Methods of Dimensioning Features b^y 

^^ev'tion 7.3 - Special Dimensioning Notes arid Symbols C^^i 

ioction /.4 - Toierancmq G5 

CHAtTER VIII - ELECTPICAL AND ELECTRONIC DRAFTING 78 

Section 8.1 - Block Diagrams 7H 

Section 8.2 - Connection Diagrams and Interronriect ion Diagrams MO 

S^'ctiori 8.3 - Schematic Diagrams Mf. 

Section H.4 - Logic Diagrams, Integrated Circuiti3, Printed 

Ci rcuits , . H9 



.TABLE OF CONTENTS (Cont) 

Page 

CHAPTER IX - WELDING DRAWING 104 

Section 9.1 - Processes, Joints, and Synthols IC4 

CHAPTER X - PIPE DRAWING 108 

Section 10.1 - Joints, Fittings, and Valves 108 

Section 10.2 - Single-Line and Double-Line Drawing 110 

CHAPTER XI - CHARTS AND GRAPHS 112 

Section 11.1 - Rectangular Line Graphs 112 

Section 11.2 - Semi-Logarithmic Line Chart or Graph 114 

TABLES 125 



ERLC 



CHAPTER I 



Introductory lopir 



SECTION 1-1 LETTERING 

Lettering on technical drawings should be of the si nqlo-stroke qothic styh- 
and of such quality that a clear diazo print can be made without loss of clarity. 
The letters may be vertical or inclined but shoul(i not be mixed on the drawing. 
Whll«- lower- *ase letters are used on some drawings, it is arcoptt>d practict^ to iis.o 
all vapitaJs on drawings relatt^d to mechanical or equipmtnit industritvs. 
he.iqht'^ of K^tt< rs used should vary bt^twe<>n the approximat(^ values of and 

lor different applications but otherwise be uniform -^nd generally independent 
of drawing size. Figures ].3 and 1.4 show the style and size lettering recommended 
by th»* UnitPd States of America Standards Institute. 



uiNfiKBOBM mB^ 



Figure 1.1 Background area between 
letters should bo uniform. 



F igure 1.2 Always use guide lines. 



TTPC t 



ABCDEFGHIJKLMNOP 
QRSTUVWXYZ& _r ^ 

1234567890.^1"^ 



5/16 



TITLES & DRAWING NUMBERS 



TYPt 2^ 



FOR SUB-TITLES OR MAIN TITLES 
ON SMALL DRAWINGS "'^ 
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Figure 1. 3 



rS/32 

TYPE 3 ABCDEFeHIJKLMNOPQRSTUVWXYZ&Z: 

l23456T890.i 11^^9/32 ^ 
FOR HEADINGS AND PROMINENT NOTES 



FOR BILLS OF FERIAL, DIMENSION'S A OENF.RAL NOTED 

Optional Tyre same as Type 4- but usin&T,t3e 3 for Rrst 
Letter of Principal Words. May be used for Sub-titlc 
AND Notes on the Body of Drawinos. 



TYPE 6 



abcdefghijklmnppqrstuvwxyz 
Type 6 moy be used in place of 
Type 4 with capitals ofT/pe 3. 



Figure 1 . 3 (cont.) 



ABCDEFGHIJHLMNOPr^ 
QRSTUVWXYZ& ' 

1234567690 § 

TO BE USED FOR MAIN TITLES 

d DRAWING NUMBERS 

ABCDEFGHIJKLMNOPQR . 
STUVWXYZ& 
1234567890 
TO BE USED FOR SUB-TITLES 



ABCDEFeHIJKLMNOPQRSTUVWXYZ&, 

1234.567390 i ^ § ^ 
FOR HEADINGS AND PROMINENT NOTES 

r/M 4 ^BCOeFGHUKLMNOPORSrUVVVXYZ &, 

1234567390 iHrsks 
FOR BtLUS OFI^AT£RtAU DIMENSIONS & GENERAL NOTES 

OPTIONS Type same as T^re 4 but us,no Tyre 3 for First 
Letter OF Prinopal Words. Maybe used for Sub-titles & 
Notes on the Body of Drawings. 

TYPE 6 abcdefghijk/mnopqrstuYwxyz 

Type 6 may be used in place or 
Type 4- with copitols of Type 3 

Figure 4 (cont.) 



(EXTRACTED FROM AMilRICAN STANDARD DRAiTING MANU/vL, 
LINE CONVENTIONS, SECTIONING AND LETTERING 
(ASA Y14-2-1957) , WITH PERMISSION Or THE PUBLISHER) 



LA&>^'f<AT>^>RY 

-h. student should be ablo to do pencU lotterxn, on 

^v..r^ efvlP The work should ineliid(* caf^itaJs, lowi i 

clear with no loss of clarity. 



1 . Th^ 



1. HOW much space should be left between words? 

>. ;sn,.3t IS th. anqle of slant on an inclined letter? 

K V. wh-if IS the heiqht of the fraction 
^hen iHttering a fractional number, what is the n ^ 
relative to the heiqht of the whole number. 



U Whei 
r^- 
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EXERCISES 
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1. L^y out sheet, add guide lin^ (vertical or inclined) , and fill in. 
letters as indicated. 




Figure 1. 5 



SECTION 1,2 USE OF EQUIPMENT 



P5;"oper use of equipment 13 one of the determininq factors in producmq a 
quality technical drawing. Some of * those instruments most difficult to master 
have been listed. ' i 



Drafting machine - Thq proper use of a drafting machine caii save 
many hours of drawing time. Its use is not covered here due to 
the different models available. Manuals giving detailed instructions 
on the use and care of th^drafting machine are available through . 
the manufacturers- 

Drafting pencil - Good lane technique begins with the selection of 
the correct grade of lead and the proper sharpness on the point. 




6H 5H 4H 3H 




HB 




PENCIL GRADES 
Figure 1.6 



PENCIL POTMTS 
figure 1.7 
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Figure 1,8 Drawing Horizontal Line. 

Draw pencil along straight edge/ 

Rotate pencil to maintain uniform point. 



Drawing a Vertical Um 

Figure 1.9 



Scale - Some scales in .common use today are the mechanical 
engineers scale, civil engineers scale, architects scale, 
and to a lesser extent in this country, the metric scale. 
It is not uncommon to find triangular scales which in- 
corporate several different types into one multi-purpose 
scale. ■ 

Dividers - Dividers are used* for transferring measure- 
ments and occasionally for dividing lines or arcs into 
equal parts. Care must be taken when usinq- the dividers 
so that the legs do not move between taking the measure- 
ment and laying it off. 

Comp ass - The compass is probably the .most important single item of 
all tne drafting instruments other than the pencil and straight edge. 
The correct choice of lead and- proper sharpening technique is essen- 
tial to the successful use of a compass. Avoid those compasses which 
do not have a center wheel for adjustment. 
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(b) 



11 

V 




(c) 



Figure 1.10 Three different methods of sharpening a compass lead. 

1. 



.PLNCIL LINES 
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NK.L INES 



THICK 



THICK 



VISIBLE line: 



2 - 



MElDiUM 



HIDDEN LINE 2 



MEDIUM 



THIN 



SECTION LINE 3 



THIN 



THIN 



THIN 



CENTER LINE 4 



r- Leader 
5 Extension Line 




DIMENSION 

LINE 
LXTENStoM 

LINE 
AND LEADERS 



r 5 

6 



L eoder 



Extension Lme ' 

Dimension Line 

_/ -^LJI^ ^ 



2-3? THIN 



8 



\ 



THICK 



THiLK 



J 



CUTTING-PLANE 
. L.NESOR 
^ VlEWiNG-PLANE 

lin£s 



TH CK 



J 



10- 



I ) 



THICK 



^ BRFAK LINES 



rio. 



I I 



THICK 



THIN 

— — AA^ 



12 



1 MiN 



PMANrOM LINE 12 

WIDTH AND CHARACTER OF LtNLS 
Figure 1^11 



THIN 



(EXTRACTED FROM AMERICAN STANDARD DRAFTING MANUAL, 
LINE CONVENTIONS, SECTIONING AND LETTERING 
(ASA Y14-2-1957), WITH PERMISSION OF THE PUBLISHER) 
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Krasor i-ras er shield - These are relatively inexpensive items 
b7com,.a7ilorrbut improper use can result in dark sm-dges on a 
vellum drawing. Make sure that the eraser is soft (not artgum) 
and the eraser shield is metal (plastic is too thicK) . 

irregular curve - These curves are used for the mechanical drawing 
iTf free curves and require some practice to use effectively. 

Circle template - The circle template is particularly useful m 
ST^inT^n^alTTircleE d" diameter or less) whe- a large bow compass 
would be difficult to us... When drawing concent xc circles with a 
c«'c-l»' t.-mplato if s best to lay out first with a small compar.s. 



,iAHi )RATOKY 

I. Th<- student should be able to draw object lines, hidden lines, and 
renter lines using graphite lead for both straight lines' and arcs. 
These lines should be sharp, blac'- , and capable of being reproduced 
inco a diazo copy without appreciable loss of line density and sharpness. 

^ The student should be iJ^le to draw a layout line to an accuracy of 
^ 1/32" and to measure a previously drawn line to an accurac" ot 

5. The student should be able to take angular moasureo.ents within • 10 
minutes using the drafting machine. 

SECTION ITEMS 



QUE STIONS 



1. What grades of leaa are best si'ited for technical drawing? 

2. Should a compass lead be she jened into a conical point? 

3. Given the following lead grades; 2B, 2H, F, and 411, 
which is the hardest? Which is the .softest? 



EXERCISES 



1. MeaF.ure the following lines' to ^ 1/32" on length and UO' on angles. 



Uoe full scale 



An\.wers 




(a) 
(b) 
(c) 
(d) 
(e) 



length 


angle 



















horizontal line (0 ) 
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4. Make a tull S(\\l<^ p^'ncil instrumont drawinq of the GoSSET in Fig. I A2 . 
Draw on a ^" x 12" sh.^et of Vi lium with a 1/4" border and use titlf block 
shown Fiq. 3.14. Make a diazo pr^it of tht' finished drawmq. 



i..HArTi:R item:. 



HXKRCISCS 




Figure 1 « 12 



Make a full scal^- E>^^ncil instrument drawinq of the plate m Fiq. .13 
' Draw on a 9" x 12" sheet of v.^llum with a 1/4" border and use title block 
as ^hown in Kiq. 3.14. Make a diazo print of the finished drawinq. 




i. .V I 
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Fi^(juro_ 1 jJJ. 
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i. Twu'. ht'iqht i)t wholt^ number . 



a^UDY nUESTIONS 



. bH - IIB. Many factorr such as drafting media, humdity, 
drawing surface, and individual technique will play a 
part in lead selection but generally ^he following' is 
recommended: 6H - 5H for layout work. 4H - 2H for thin 
lines (center lines, etc.), H - HB for thick lines and 
lettering 

I. No. compass loads should be sharpened into a chisel point or an 
elliptical^ point. 



3, Of that given group of leads the hardest is 4H and soft- 
est is 2B. 



Excpcisrs 
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1 

X • 


length 


angle 


2. 


length 


angle 


(a) 


2 3/32 


29° 35 • 


(a) 


1. 26 


28° 40' 


(b) 


2 y/ 1 (> 


25° 40' 


(b) 


2. 37 


21° 05' 


(c) 


2 3/32 


5° 00' 


(c) 


2. 56 


4° 05' 


(d) 


2 1/2 


12° 15' 


(d) 


3.16 


5° 05- 


(o) 


1 5/32 


19° 15' 


(e) 


1. 88 


26° 15' 


3. 


lenath 


angle 








(a) 


47. 5 0 


34° 15' 








(b) 


93. 30 


15° 55- 








(c) 
(d) 


76 .20 
79.20 


3° 15' 
21° 55- 








(e) 


82.80 


31° 00' 
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CHAPTER II 
Gfometrical Construction 



SECTION 2-1 BASIC APPLIED GEOMETRY 



A..[,li.-i "r-orTK^r/ is the b^isis for layout and construction in instrument 
..r.^,r', '-^..1. Lt. r. not necessary to write geometric proofs to solve problems 
... r.'Ai'-'i 'yom^'^ry. it is impr.rtant to have a general understanding of the 
.pru/ripU.s of piano qeometry. The practice of pure geometric construction is 
Mm.. <-onsuming and does not utilize the many accurate instruments available to 
.ho drafi-sman. The illustrations m this section will use the most expedient 



tecthods where accuracy permits. 



560*^ 



I 

COMPLETE 

CIRCLE 



-180* 



STRAIGHT ANGLE 




SUPPLEMENTARY ANGLES 

+0 =180*^ 



90* 

2i_ 



COMPLIMENTARY^ 
ANGLES 



90" 



RIGHT ANGlE 



LESS 
THAN 90* 



ACUTE ANGLL 




OeTUSE ANGLE 



Figure 2.1 Angles 




VERTEX 





EQUILATERAL TRIANGLE 



IS0SCFLE5' TRIANGLE 



SCALENE TRIANOLE 




RIGHT TRIANGLE 



Figure 2.2 Trianglos 



ERLC 



17 



-12- 




Figure 2.3 The Regular Polygons 




Figure 2.4 Elements of the Circle Figure 2.5 To Bisect a Line 




GIVEN LINE 




ANY ANGL^ 




(b) 



4 EQUAL DIVISIONS 




,.,.,„„. T.- d.vj.l.- lu... into oquaJ part.s. (a) Draw a lino at any 

oru. -nd of qiven 1 me. (b) Divide angled line into required number 
„f equal spaces. Draw from last mark on angled line to end of 
(c) Draw parallel lines from each mark dividing given line into equal parts. 





Circumscribing Circle - 
Distance across corners give-n. 



Inscribed Circle- 
Distance across flats given. 




Figure 2.8 To Draw ,a Hexagon 
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Fi(^ure 2»9 To draw a circl' 
through hhreu qivon points, 



1 




^ GIVEN. PWNr 

Figure 2. 10 T\) draw a tangent 
and a circk* 



CIRCLE 



ELLIPSE 



MRABOLA 



HYPERBOLA 



Figure 2.1 1 The Conic Sections 

For all conic sections, a cutting-plane passes through a right 
circular cone in such a manner that one of the following is formed by the 
intersection of the surface of the cone and the cutting-plane. The angle 
between che center axis of the cone and the catt ing-plane determines the 
curve • 



Circle - Cuttmg-plane is 90° to axis of cone. 

Ellipse - Cutting-planj is inclined to axis of cone. The angle 

formed is greater than that between the axis of the 
cone and its elements. 

Parabola - Cutting-plane makes the sane angle with the axis of 

the cone as do the elements of the cone. 

Hyperbola - Cutting-plane makes an angle with the axis of the gone 

less than that formed between the elements- and the axis* 



LABORATO RY 

1. The student should bo ablo to perform ba^ac qeometric construction such 
as soctinq anqles and lines, drawings tangents, dividing lines into 
equal spaces, etc. 



SECTION ITEMS 
STUDY QUESTIONS 

1. How many doqrf^^\*3 ^xtc m a h*'xaq<')ri .-^ 

2., What are complementary anqles? 

3. What conic section can be drawn with a compass? 

4. What Js the generc.l term for a plane four-sided figure? 



•i a\u\ I».jv.' .'*)r,..n iict iom lii^rs. Draw t'uj I .(ah^. 



a. I)iviil*' a line lorui it to equal |.<nt:.. 

h. ('()tistrti( t a htxiqoD wh i \\ is 2" across flats. 

o 

I . Construct and Lisoct a 5 angle. 

d. Locate the tanqent poinr. between a line drawn at 30° and a 2" 
diameter circle. 



Draw a right triangle with one leg 1-1/4" and the other 
1-3/4", Construct a circle which Will pass through 
these three points. (Fig, 2,9) 

Draw two circles 1" diameter and 2" diameter, respect ivelyo 
b[^ace them 2-1/2" aparc on a line inclined at 30°, Draw 
all lines whi^h are tangent to both circles and mark 
tangent point<; (P^, P2, etc) (figo 2.10) 

Draw a triangle having sides 2,80, 3,2['), 2,40, Find its 
center of gravity and draw the maximum diameter circL*.* 
that does not fall outside the triangle. What did you 
discover? Draw a circle through the vertices of thf3 
triangle (fig. 2,9), Is this center the same as the center 
of gravity? What condition would cause the two centers to 
be the same? (Note: You will need to consult resource 
material for this problem), 

d. Construct a hexagon which is 2,50 inches across corners. 



a. 



b. 



(*tUPTEH ITEMS 
EXIJRCISES 



1, 



Make a full size pencil drawing of the LINK in figure 2.12. Drawon a 
9" X 12" sheet of vellum with ,a 1/4" border. Use title block as shown 
m Figure 3.14. Show all construction. Show all construction. 
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86 0\iK ^iO^t 




75 DfA MOLE ~ 



ANSWERS 
oECTIQN Z-i 
OU EST TONS 



7 20 



Figure 2>12 LINK 



'IVo adjacent angles whose sum is 9'' 

A circle 

Quadrilateral 



[::Xr:RCISES 





'4 



^' \M) SliAlM I)f SCKiPi ION 




. i . 1 Se 1 ce* { ion of ma Leri ai : 



IS importiint 



object 1 int^ 



— renter ^ ine 



' '^'i ' ' ^ 'H^ I' ' tiniiiiM iM(i . 1 r.l .1(1.1'. ".,n.ip" Li' .i sk»'li 
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L ABORATORY 

1. The student shoulvl be able to demonstrate the proper line technique 
for sketching object lines, hidden lines, and center lines. 

2. The student should be able to make a one view pencil sketch on grid 
paper showing a border, title block, and proper line techniques. 
This sketch may be irom a model or <inother drawing,. 

SiA' 1 ION I n M.^ 

STIM.Y (H-LSflONS . * , 

1. Does d venter line take precedenee nvvr a hidden lint? 

2. Wliat type eraser is used. to remove layout lines from a sketch? 

3. How is a pencil sliarpened to produce a sketch center line? 

4. What grades of pencil lead are best suited for sketching? ^ 

5.. Where should you he looking when sketching a layout line between 
two points? 

6. Does a visible line take precedence over a hidden line? 

7. How is a pencil sharpened to produce a layout line? 

8. Where should you he looking when sketching an object line between 
two points? 

9. Is a sketch usually made to a specified scale? 

10, Are ''measuring aids'* ever used to help keep a sketch pt uportional? 

EXERCISES 

1. Sketch the line technique exercise in F ig 3 .5. Use 9 x 12 paper with 
'A" grid. 

2. Sketch the two gaskets shown in Z^&^-^JLik- 9 x 12 paper with 
1/4" grid and satnt format .as given. 



i 
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1 

Y 
1 


' / 
/ 

' ■ / 




/ 

/ 

■/ 


/ 

/ 











F ig. 3.5 



Fig. 3.6 



Section . 2 ISOMETRIC SKETCHING 



Pictorial sketching Is an excellent way of conveying an idea to either 
technical or non-technical personnel. Isometric views have the advantage 
of a uniform foreshortening factor on all axes thereby simplifying the 
transition frprti or thographic*drawing to pictorial. Isometric axes are 
120° apart with one axis in the vertical position. Any two of these axes 
define a plane which can be used as a reference in locating points on the 
sketched object. 






(a) 



(b) 



(c) 



Fig. 3.9 Reference planes defined by two isometric axes include 
(a) frontal, (b) profile, and (c) horizontal. 



LABORATORY 

1. The student should be able to make an isometric sketch on grid paper 
complete with border, title block, and proper line technique. The 
sketch may be made from a model or a drawing. 




(a) 



ERiC 





Flg« 3«10 Shows the steps 
in making an Isometric sketch. 
The object to be sketched at 
(a) reference box to exact 
size at (b) and finished 
at (c). 



(a) (co.fect) (b) (wrong) 

Fig, 3,11 Circles in isometric views ujiually appear as ellipses, Tl 
end of the right circular cylinder is correctly shown a 
(a) with minor axis along centerline* 

SECTION ITEMS 

STUDY QUESTIONS 

1. What is the name of the reference plane which touches the side of 
the object being sketched? 

2. What are the measurements made perpendicular to the horizontal plane 
called? 

3. Isometric axes are drawn 120° apart. What true angle is representee 
by this 120O angle? 

4. Can angular measurement be made in an isometric vicv? 

5. Are measurements normally made other than parallel to one of the 
isometric axes in an isometric sketch? 

6. What is the angJe of an isometric ellipse? 

7. Are hidden lines normally shown in an isometric sketch? 

8. What measurements are made perpendicular to the profile plane? 

9. Wh^n an isometric hex is constructed, what is its height, width, «';nd 
depth with respect to the object being sketched? 



KXERCISnS 

I. On a sheet of 9 x 12 isometric grid paper sketch an isometric view 
of the object shown in Fig, 3,12 , The numbers represent units on the 
isometric grid. Border and title block will be as in Fig, 3,6 - 




Fig . 3,12 



CHAPTER ITLMS 

1. Sketch the isometric view of Fig, 3.13 on grid paper, 
and title block as in Fig, 3,6 , 



Show border 



Divide a sheet of rectangular grid paper into four equal areas and 
add bo/der and title block as shown in Fig. 3.14 , 

(a) In space I, sketch the view that you would sec if looking 
perpendicular to the horizontal face of the reference box used 
to sketch the isometric of Fig, 3,13 . 

(b) In space III, sketch the view you would see if looking perpen- 
dicular to the frontal face of the reference box, 

(c) In space IV, sketch the view you would see if looking perpen- 
dicular to the right profile face of^the reference box. 

A 2 J 




ANSWERS 
SECTION ITEMS 
SECTION 3.1 



1. 


No. Order of precedence is visible line, hir' en line, center line. 


2. 


Artgura. 


3. 


Sharp conical point. 


4. 


F, HB, and B. 


5. 


At the point to which the line is being dravm. 


6. 


Yes. (See answer No. 1) 


7. 


Dull, blunt point. 


8. 


At point of pencil. 


9. 


No. Sketches are made to proportion. 


10. 


Yes. A pencil or a strip of paper may oe used to keep sketches 
proport:ion"l . 


SECTION 3.2 


I. 


Profile reference plane. 


2. 


Height measurement. 


3. 


90" 


4. 


No. Angular measurements do not appear as true angle:: in an iso- 
metric view. < 



ERIC 



5. No. The only measurements which carv be mn<{e true length are along 
the isometric axis. 



6, 35^16' 

7. No. Hidden lines are usual iy omitted from isomecric views since 
three surfaces are visible. 



8. Width measurements. 

9. The isometric "reference box" should have the same height, width, 
and depth measurements as the object. 

[:.XERCISt.S 



1. 




CHAPTER ITEM S 
EXERCISES 
1 . 
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CHAPTER IV MULTIVEW PROJECTION 
Section 4.1 Theory of Projection 

Objects whose exact shape and size are to be conveyed 
a machinist or other technical person are best defined 
through orthographic projection. There are six views in 
the Atnericon National Standard arrangement of views. 
Multi-view projection is the drawing or sketching of as 
many of these views as is required to completely describe 
the object showing all visible and hidden' 1 ines . 



to 




(a) 










1 




1 








JU6MT-SlOt View 



REAR VIEW 



LEFT-aOE VIEW 



TOP VIEW 



FRONT VIEW 



BOTTOM VIEW 



(b) 



RIGHT-SIDE VIEW 



(c) 



nqure 4.1 Shows (a) projection of object onto ^^^es of glass box 

LLSLy unfolding of glass box (c) American National 

Standard arrangement of views. 
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L ^'gure' 4.2 Normally three views are sufficient to, describe the 
shape of an object. 
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Figure 4 . 3 



Hi dden lines are used 
otherwise not bj seen, 



to describe features that would 
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SECTION ITEMS 
Study Questions 

!• What is meant by orthographic dimension? 

2. What orthographic dimensions can be seen In the front 
vien? 

3. What are adjacent views? 

4; In the American National Standard arrangement of views, 
what views are adjacent to the front view and what ortho- 
graphic dimension do they have in common? 



EXERCISES: 

1. Sketch the two given views and add the top view of the 

objects in Figure 4.4. Use the same format and title block 

as shown, sheet size 9 x 12 

/ 




LABORATORY 

1. Student should be able to 
graphic views showing all 
model or isometric view. 

2. Student should be able to 
given orthographic views. 

SAMPLE PROBLEMS 

1, Orthographic view drawn fr( 



sketch three principal ortho- 
visible and hidden lines from 

sketch third view from two 

m isometric. 




2. Orthographic views drawn from two given views 



1 — r 



Figure 4.6 (a) Given views 



E 



J" 



r — r 



Figure 4.6 Jb) Completed third 
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;ECTI0N 4.2 Instrument Drawing 



Views should be well balanced on the sheet with border lines and complete 
tie block. After the <iumber of required views has been determined, then 
portant center lines and outlines are drawn with a sharp 6H pencil. If 
iree or more views are required, one of the methods in Figures 4.8-4.10 
lould be used to transfer measurements. Once the views are accurately drawn, 
le finish line work is added with an H or 2 H lead. 




Figure 4.7 Layout balanced 
drawing with 6H lead. 



Figure 4.8 of mitre line 

to draw right side View 



1 i 



X 



XL-.- 



Figure 4 .9 use of dividers to 
draw top view. 









i / 




X 



Figure 4,10 Drawing front view 
from gi ven top and 
right side view. 



I 



LABORATORY 

1. Student should be able to make an instrument drawing 

complete with border lines and title block from a model, 
pictorial view, or given orthographic views. Drawing 
should be made on tracing paper and of such quality 
that a clear diazo print, can be made with no appreciable 
background color . 



SECTION ITEMS 
Study (Questions 

1. Are instrument dr. ings usually drawn to a specified scale? 

2. Are three views always required in an instrument drawing? 

3. What is the proper contrast between visible lines and 
center 1 i nes? 

4. At what angle is a mitre line drawn? 

5. Are hidden lines always shown? 

EXERCISE: 

1. Rearaw the given views in Fig. 4« 11 on9" x 12"tracing pane 
and add missing view and isometric view. Use format and 

title block shown in Fig. 3.14 . Make a diazo 

copy of the finished drawing.' 




Figure 4.11 

ERLC 
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CHAPTER ITEMS 



I. On a sheet of 9" x 12" vellum, draw the front, top, and right-side views 

of the obiect m Fig. 4.12. Use border and title block as shown in Fig. 3.14. 



ANSWERS 
SECTION 4.1 
Study Questions 

1. Height, width, and depth are orthographic dimensions. 
They are made perpendicular to the horizontal, profile, 
and frontal planes, respectively. 

2 . Height and width . 

3. Views which are separated by a folding line; i.e., front 
and top views. 

4. Views adjacent to the front view are the top front, left 
and right side views. They all show the orthographic 
dimension of depth. 




Figure 4 . 12 
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SECTION 4.2 
Study Questions 

1. Yes. Some example are full size, k size, ^size, etc. 

2. No. Drawings require only those views necessary to describe 
the object. That may be as few as one or more than three 

V i ews . 

3. Visible lines should be drawn twice as thick as center lines. 

4. Mitre lines are always drawn at 45^. 

5. No. When clarity is not lost by doinq so, hidden lines 
may be omitted. 



3o 



er|c 



EXERCISES (solution) 
] . 




Figure 4.14 



CHAPTER ITEMS 

EXERCISES 
1 . 
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CHAPTER V 
Auxiliary Views 



SECTION S-I, PRirWKV AUXILIARY VIEWb 

All objects cannot be com)letely described through 'the six regular views. 
In such cases it becomes necessary to "take another direction of sight" in order 
to describe th<? cA>ject more fully. Orthographic views which are not principal 
views are auxiliary views. ^ When these auxiliaries are projected from principal 
views they are primary auxiliary views. Primary auxiliaries show a true ortho- 
graphic dimension of height, width, or depth depending on the view from which 
they were projected. Figure 5.1 sh5>ws the modified "glass box" used in projecting - 
an auxiliary view. The steps in projecting a primary auxiliary vi^w are as followart 

1. Estcibxish a direction of sight. 

2. Project all points on the object parallel to the direction of sight. 

3. Construct a iolding line perpendicr.lar to the direction o^ sight. 

4. From a view which shows the samo orthographic dimension the 
auxiliary being drawn, transfer the measurement into the new 
auxiliary vi3W. 

5. Connect points and determine* visibility. 




Figure S .2 Establish a direcLion 
of sight 



Figure 5 3 Project al3 poir^s 
parallel to direction of si • 




Fi nure 5, 4 Construct folding line 
perpendicular to di/Gctiton ct ^ight. 




Figure 5>6 Detertninc v/isibi.Iit\ 
and connect points- 




Figure 5.5 Transfer me as u recent 




Figure b»7 Vis-bility can be determined by 
inspecting adjacent views. (a) Nearest 
edge is visible. (b) Farthest edqe or 
comer is hidden. 



0 



•V aupid JO 9dpqs onj:^ oq:^ SMoqs qoiqw Q'g ojnbia 
UT UMoqs :;joLqo ojii^ue oq:^ go mota Aa^iiTxnp Aapuiud qo:^oi(s *T 



sasiOHaxa 



^pezioaCojd euii p jo q:^5u^x ^^J:^ aq:; si moh 

^par^ooCojd aup^d p jo adpqs anj:i ^q:^ st moh 'p 

j?SMaTA :iuaopCpp oa\:i Aire 
joj :^q5TS jo suoT:^oajTp ^q:^ uaaMaaq dTqsuoT:iP"[aj JP"[n5up ^q:^ st :ipqM 

-Bj JTaq:^ pup sao:^oaCojd 3q:i uaawziaq dqcqsuCTCiP^SJ J^inBup aq:i st :iPqM '2 

<?po:i3aCoad 

:^q6T^q jo uoTsa^^uiTp anj:^ aq:^ SMoqs qoxqw Ajptxt^^^ ^M^ st mota :ipqM uiojj • "[ 

SNOixsanS Aanxs 



swan Noixoas 




q:^TM Mr-^TA Ajptxixhf AjpuJTJd p qo:^'3>(s o:\ -H^^ -■'M Pinot^s iu.»f;fi:j<. .*q,|, 
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2. Sketch a primary auxiliary view of the cables in Figure 5^ which 
show their true lengths. 




Figure 5>8 



Figure 5,9 



CHAPTER ITEMS 



EXERCISES 



Sketch the indicated auxiliary views showing all visible and liidden 
lines with correct visibility. 
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M'^ WFRS - Section S .l 
ST uaV COgSTI ONS 

I. Top view. 

7. They are perpendicular. 

1. The directions of sight f,rc mut ^^lly perpendicular. 

4. By taking a directio^n of sight o 3rpendici-lar to tha jlar-e 

5. Bv taxing a direction of .sight .pendicr.lar to the lina^. 

EXERCISES 
1 



±1 



V 



- _ J 





CR/VTTSP ITEMS 




-39- 



Joction ii.jj..s, :...c-/iU. ll.'INl;. fuiI ^nj hmLF £]^ctions 

a ^-et'orwnrw- eugia.eriiig drawings. The cov.r .heet on 

a .et of working drawang.s mi^ht he an "assembly section^' view or cutaway ohowinr 

.^i..en internal features ij, complicatei by the hidden Une^ in the viow... Hv 
^^^oning or opening tho part, the internal design of the part i^ more clearly 

i^U:. ^.I nnsembly .section. Thir view 
f»»-ow: the assembly of ;artb more clearly. 




Fi^:> 6, J Juttin^^ f>l'mt-. Jhe bi:i. 

I or showin^: a :>ectiori view i to 

irr^a^iae the part bein^ cat :o t..e 
inc^^rior can be i^een» 





r'i^% 6.^^ full soot ion view<^, 'I'lv^ fall 
•-riction i.. the mo.^t commonly ur>Ld. Tht 
^*ritir'' view ir, "ftdly ..f ctioncd". 
'>jt*in/ pian^- locntio;. i -. aion/: ti.^' 
c^nt' r lino ol th^- p irt. 



Pi 



r. ^ " 
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.laif section. This type 
of viow is particularly useful where 
tne part is symnetrical and both 
exterior and interior features need 
to be shown. 
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HALF SECTION 




1 1 




1. Jhe stud^-nt should be able to draw or sketch full and half ^.r^ction views 
and use the correct section lining rerr^-^entation, 

1. '/hat type of object ±r^ best Dhown in :^eotion view ? 

r?. Ahen should a half section be nhown in preference to a full section ? 
3. Is the spacing for cast iron recti on lining always 1/8 inches ? 
.nre cutting plane lines always shown in full and half sectionr^ 7 

.^ketcn the answers to tne following problems. 

I. BASE BLOCK ^ 




tlVOi- rOP-NlWT SIM 



4^^ 




PLUNGER RETAINER 



fi|.MC« MTAtMft ii»T'L-Ct» 

t— +— 1 

1 



! 





•IVCN • TOf Alio '•OH? 



MM • ai«IIT mU VIC* <M 
NAtr •tCTlOW 



..fecial tvr^.'^ of j^ectioned viewi. have been arcept'^d x.. "iean.; of ..howin^^ 
Dart r-aturf^r more cieariy. i<ather than draw .m entire vi ii. .-ection, it is 
;o.. .ibio to br^ak out, partial section, or pall out ..lecmJ art-a: of a part. 



OrrSCT fCCTiON 



'u^^ i)ff^.et section, iiere, tr.e 
cutting rlane is bent or offset to 
cetter .now rart features. 




IT] 



' 1^- 



^ Aii,:aed section. -'he c:itt^n^: 

r^'^:.-? iJt 'irv^le'i throu,^h the part. I'o 
.r.ow tne cection view, ^t ic necessary 
*c revolve* tne : oir.t:s ^lonr'; the section 
cut ba^k to the iirection of projection. 




I- - 



fi.-. ."^ removed oection. The cuttmr, 
lijne Im^- indie itvf . ^here tne r>*=ction 

1.. cit. Ji.e viewi: are showri w-^erc- 
*-\-r convienient on t:i^ P^^^^^* View^ nr * 
1 >:ntifi'''d by a -/v, ^i C - e^^c. 




nCVOLVCO SCCTI0N9 



.^evolved section. If r.vnCf^ 



ai.ibxe on t.iO part drawinc^^*^ 



.„eCtlo:i can 
t^e view. 



'-^ut anj revolved I'.tc 
nir aid.s the roadinn of 
irawin^; by adding a third 



!in-njiori to the view. 



PT- 



) 



in 
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f ^>>9 J ^umtom ..^^ction. /hic view 
.>how.. both internal and f^xteraai :)art 
.»urfaCt»s« wf?ctlcn lininf;; ir. :>hown a.'j 
la./aed lino.' d/i'l material tyt c* i;^ not 
ind^CHted. 




Phantom 

StC "^lONiN G 



I 



"J ! M I " 



StCttON 



MACHINE CLEMENTS NOT SECTIONED 




Fig« 6«1Q .hat not to section. 
Center shafts^ bolts, pins, balls, 
j^ays etc. shovid not be ^^ectioned. 



KfY COTTER BALL PIN 

1; ^ The etudent jhouid be abl » to drav or sketch .section views similar to those 
showrf. 

2. The student chould be abl*,? to choose the best type of section view to 
show a particular part. 



STUDY ./JrlJnONS 

1. .^i^iat tyj^c of vrst is best Ghown with the phantom :^.'Ction? 

^. Are the points aloiTgthe aliened section cut projected directly to the 
adjacent view? 

-vhat determines whether to use a revolved section wew or a removed 
section view? 

nhat do the arrows on tne cutliri^ rlaiie linet. ra~Bn? ..hy ur>e letters 
at the end of each ax-row? 



r.Mw or ".ketCi'i th'* answer i» to ttie tollowiup; problems. 



1 
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I. GUIDE .SHOE 



•MM mm - MAT't C I 




2 , BRACKET 

All mm^f rmomm f ^ 




-n 
•ij 


1 1 


! 


1 1 

1 : 




|l 1 

1 1 1 


. .,.| . 

1 It'll 




I ' 



•IVCN* rO^ AND RltNT SlOK 



MA« * rmMT viK« (N orrscT 

•SCTIOII TO INCLttM 
FtATMtt A. •.AND C 
•NOW CUTTIMO ^LAMK 



-rr-T 



Af^ Bp^ Cr^ ^D* 



— i 

... J 


; 1 ! 1 




1 ' !-l 


Lj 




1 
1 

1 


_l Lfcln 






A 


1 r ^ 

I* BL,. C 
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QUESTIONS 

1. tshen ohouid jectioned views be u^ed? 

J. »^hat ib the importance of section lining? 

3. ^'Tien would an off.set section be preferable to a full section'; 
^. hxi^t the types of section views requiring cutting plane lines, 
5« '^"hy are arrows needed for cutting plane lines? 

EXERCISES 

Solve the following problems. 
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I. .^>ection view^ are hoi.t for nartij that f.aVr m-iiiv ir.tt^rnai f'.vituro^ ♦ r.at 
^ould otherv/i: f- have to be ".}iown by h)^'i<^n Lijio^, 



intTnal in-J exteroal fe-it'i'^e' that n^rd to b^* '\^iowa. 
f 

No. /pacin^ of secMon liuos ib u:ual^7 rroportionai to ihfi overall 
cizc of tne irawiri^-;. Small draw::ifr -ho.J i h^VL ':;ect on linor. 
oyac?d clor-er. 

No. Juttin^; plane lines are oft^n not .-^own in Til] and half section views. 
EXERCT5?E5 



1. !iA*5E 



Biork 
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3. Plunger Retainer 




stoc vicv m 
Hktf $fcrfO«. 



tccrioiL 



. Tne p'lanton sec^;icn is best for objects wit a large uncomT^licated int.^rnal 
cavatr-es. 

• .No. Jhe intertsections along the angled poi Lion of the section cut mi 

first be revolved until perpendicular to th ^ line of signt between tte v.pw 

. 3pace availcvjle on the part drawing, remov^jd section vjew ^houla be MGed 
*hen too crowded. 

. " . arrows on the cutting plane lines indie tc the direction of vi*,w. 
-etters -^re used to distinguish the various section cats. 



CXERCISLS 



GUIDE SHOE 



rH3 





h 














X^i^y^y ✓ ^> ^/ yy 




•IVtH- COH^tlTI rwwT. 

TO^ ANft lt|«MT SIOC 

0#A» • MAW rKO«r IN ^MAVTOM 
•fCTtOM 

j>«A»|||«NT tlDf IN 
MANTOM ttCTIOM A -A 



•rcTlON A 'A 



2. BRACKET 




*iytl)> tor ADO *I«HT JIDI 



BO** • moiiT vi(« III orrstT 

(ICTIM TO IMCLUM 

riATuata am* c 

tNSa CUTTIll* riiNt 



3. RACK 



J=L_ 



J=3_ 



Br- 



I ■■■ I ; i > 1 


1 rtn — 1 

!?! 


1 r ] ■ 1 


1 


!6 


Lj i-i-: , 




L ! 








1 






b1— 




c 





tr 




u[v:>vj^ MT'^ift.'- 'a^'.vro VITA 



5f CTIC'N C--C 



J 2 



VIEW D-D 



!♦ Secticned vicw^ .^hoi^Li be jsed when an object ha.s many internal featirec 
that would otherwi/-e have to be ^hown by hidden liner. 

section linin^^ defines the .solid areas on a psirt. Var'^oa^ materials can be 
•ihown and ''he direction of cection Irnin^ c*>n be vairied to make parte in 
an a:^oembly section stand out more clearly, 

'H of foet section ailow. more part feature.^ to be rliown than th*^ 

full section view. 

'-^^ .\I1 section viewfj io not r^Miire c itlini* rlane line., to bc3 shown. . ome 

coapanys do not '.how cuttju^; plane line.<^ on the full .mj half ^ taction viewc, 

>« \rrowr, on cutti;i«^ pianos iniiCcJt** the direction . vic>w. 
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CHAPTFJ^ VII BASIC DIMENSIONING 



Section 7.1 XEAyS FCR SPECIFYING LlMErSICKS 

--e r-r- .^rav;l-;r sho>:F the f^hape Qf the r^rt. Dimensions must 
te sr;ciried'to sho;/the size of the oart. /^^^Ji^^^^^^^^^ 
^o accepted standards such as U.S. A.S.I- tor style a^^ plnce- 

•.ert. Too many dimensions can le^d to errors In production. Too 
few dimensions can lead to lost time. Proper form, ^^^^^ , J^^. ^_ 
creclflcatlon are essential for quick Interpretation of the drawing. 

DIMENSIONING CONVENTIONS 



'-- Ig-. 7.1 Extension lines , 
^Imen^lon liner, leader 
llne^, arrov/heads, A 
dimensioned part Is shov;n, 
*ote thf* size, placement, 



pracln^ ^nd 
dimensions. 



'orm r or the 



vie 



1 OR.LL-^^^ 



POINT TO CENTER 



OiMCNSlON LINE 
- E K TENSION LINE 



4-MINlMUM SPACtS 



ALIGNED 



UNORECTIONAL 



rl^:. 7.? Aligned and 

inid iroc 1 1 ona 1 dimension 
placement. The unl- 
i Irectlonal system' Is 
^rererally pref erred. 



-TtT- 

) I I 



<* t 



45" 




• Mr. 



•_\ .J. - ■ ■ * 
. „ . , . • ■ - ■ ■ • , ,1 •■ • '. :' 

i-nenplonlnc- nay te 
Frpciri?'^ Ko both Inch and 
T.ptrlc *^nltP can be 55hown. 



375 t 005 - 



^ 136.57] 
[36 08 J 



//\a].00Z5L063]] 




.25tCl 
[6 60 
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DIM. IN i J ARE MILLIME TERS. 



/^/f piftc«rB«nt of dimensions. 
In *w)i'nion to proper size and 
spacing,' ft dimension -,hould be 
located In the correct view. 
Place the dimension where the 
shape shows best. Avoid 
dimensioning to hidden lines. 
Place the shortest dimensions 
closest to the part. 




OCTAIL WOMHINO DRAWINO 



Standard sires, Mnny Items used In producing Tmrts nnd Assem- 
blies are nvallable In standard sizes. Examples are; screws, nuts 
and bolts, bearings, pins. Machining stock Is available In many 
materials preformed to accurate size In many shapes like: round, 
square, hexagon, rectangular etc. Thin metals are specified In 
gage thicknesses, 

LABORATORY 

1 , The student should be able to demonstrate the proper line 

technique In adilng extension, dlmenslor, leader and lettering 
guide lines to a drawing for dimensioning. Form arrowheads, 

2, The students should be able to choose the best placement of 
dimensions based on shape of part features. 

The student should be able to convert dimensions between the 
fractional Inch, decimal Inch and metric systems maintaining 
t^e same relative accuracy, 

h The student should be able to locate tables speclflng standard 
s?Ls for ha^ware Items, formed stock shapes and sheetmetal 
gages, 

SECTION ITEMS 
STUDY QUESTIONS 

1. i.'Axt is t.*-.'" r,ir.-j".u.:; i.f J -^t lor litt--rjr. ■ on n .rawin,'." 

2, li UbiTi^- fr;:ctic.ii<.l d-itic;ir.io;u!ij, wruil i;: t hf^ .'an: inr. h ^ -.1.1 for li..- tr^t'il 

j), /«Ti t 15 'he correct lire thicVr'.-^^.r. fo:- oxtfn,',5 on ]inc.,? 
■"'hit th' correct density for cx^ ^-ri-iO'. l^Kcr.'.' 

Un-i. . 1 co-dit: -^ri.i r:in'jl>-l ;< i ; o-v1km bo b' KkriifJ in? 

^, " 1.-. diM'-'n.^D -^r.:, bv. c iyccd withm i 't ~.i . ..'Hi" il:.! iS'': 

O ------- 
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Sectlon 7.? STANDARD METHODS OF DIMENSIONING FEATURED 



ic 'ii' ''I" If • lire 



i, :rt it.t 



- X 45* CHAMPtR 



r ly > 7, c Angles. Angles are 
dimensioned by giving the length 
of tv;o sides or by giving one 
side and the angle In degrees. 




-Ig, 7,7 Arcs. An ^5rc Is less 
than Pi full circle. The radius 
Is >renerally specified. Important 
radii should be .dimensioned by 
locating the center and giving th^ 
radius from the center. For unimfx^rtant 
radii, rounded corners^ etc.j just 
rneclfy the radius. 




'^Ig, 7,^ Cylindrical holes and 
cylindrical Parts. Holes are 
usually specified by dimension 
In the circular view. Cylindrical 
surfaces are dimensioned In the 
non-circular view. The diameter 
of the cylinder or hole should be 
driven. 




4 ^ 



! 



4«" .M*M«f W ^ 



rlg» 7.9 Hole I atterns. The 
dimension to the center of the 
hole should be given. Centers 
can be located by angular or 
coo.dlnate dimensions. 




7 ♦ 10 Arrowless 
d Imenslonlng. Com- 
plicated hole patterns 
In parts can sometimes 
be dimensioned by 
distances from a fixed 
location (datum). 
Hole sizes can be 
tabulated. 



1.7 



.81 
.25 



Dotjir, 



0 .19 



-0 



119 



!.8'3 



4^ 



?lg, 7.11. Reliefs. 
Reliefs are undercut 
areas used to facilitate 
machining or assembly 
of parts. 



3? 

V 



V7 



1 



1.12 Chamfers and rounded 
These featurs are 



corners. 

designed on parts to break sharp 
dangerous corners or to facilitate 
assembly or fabrication of parts. 



\ 



Fig. 7.13 Slots. Machined 
slots should be dimensioned to 
center line locations. 




ERIC 



6^ 



?lg. 7. Ik Irregular curves. 
Coordinate dimensions are 
located along the curve. 




LABORATORY ^ 

^' IcL^^^nfJo^?^''^^ dimensions on part features 

according to the examples listed, 

SECTION ITEMS 
STUDY QUESTIONS 



?. Under what conditions should the center of an arc be located. 

J>. '■ aoli ,-n'.ul.-< bo .-iivr.i'Jor.'-,; wicL vJc./? 

't. -•.kftch t,.'c .'oiho:., of di::-^nz:ouia ilnft;. ^nd cyliriJc-rn. 

:>» . fio., /.o; to diic-i .ic,:i ,- ch. f.,} , ro-n.^-.! corner. 



EXERCISES 



Place dimensions on the following part drawings. 



Fully dimeni:io.i the part using 
fractional inch dimensions. 
Use dividers and the scale at 
the bottom of the sheet to 
determine lengths. 



ADD ALL MISSING LINES 



BRACKET 



n u M I I 1 I I I 

0 I 2 5 

SCALE 



Fully dimension the part using 
decimal inch dimensions. 
Scale - 1/P ^ize. 
(Measure to center of lines to 
^et lengths.) 



DIM£NSICiNIN?, P303L2M #3 
Fully dimenjicn the part usirie; 
metric dirnensioas. 
Ccciie = Full size. 
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4 




tini 1., W'idirv jcnia; r^roc*^' . ^.s *'t^. is otton ^v^^ti m not-} form. 

not' . Tu^t : writt'^n m coi.ci, * jrn {:lac^'i o:: ^.r.' iriwiii^ lu arear. 

»way iror th'^ iirnen. ioa uri ext^^nsior. xin^- . /o t ( on^;) m i a standard lorm 

:cr th^- e noter. Pollowinr 'xr^ exaraplo - ^how .v: the uruai .lote form and standard 



"'^f,* ^•Ij^ rill, -ore, .<Ocim. 
wXa-TiTiCo 'dr^^ shown ^fht-re the actui^ 

Tipa-u^ prefer showing the 
iia. liiiineter) only with no 
r*--^ t -r-ac^^ tc tne rroc^. . 



* ^ pec A 1 . ^oi^ 

f or i: V VI t hea 
tyl-.: or* varioj'3 tyre _ 
f f ^ ^ner 



. 1 -4 



i r DEEP 



0 






^r.r^^-aaei holes. 



..n^never tnreaic muot be cut in^^ude 
^ role, the information for the 
nol'^ .ize -ind tnreaa note maat be 
i.j froT. .>tan^ard t abler. 



TAPPED HOLES 





THROUGH HOLE 



NOT THHOUr,H MOLE 



# X A M S U) TA J'f It 



• X < ^ a I o r * o x > » ^ f a r 
»-:e«era^.y ei wnere 'iC:ur<ite an -n^^eut , 
f:elf j.o3Kin^-, or -o^f r^-tainin^r of i-^rt. 
1 ' r iir >d. 



ERIC 



TAP( A P)M AT AsseM8i.y 






Ik 



7>i9 ,Critical dianeters. 



i-imit 

ii-fflensionr may be i^pscified to ^'1V'^ th^ 
aiiowab^t. raafe of razer^ for a r^hn^t 
or holt-;. 



-t3- 



Fi^. ^ 7,20 Ji'iil and count erbore rzi^es* 
^lodir-mce must be allowed I'or the body 
and heal sizes for comnon fastener 5. 
-)orr'--ct iiameter.s and do] ths can b-^ 
obtained from tables or lookin; 'in 
tue fa-tener head :ml aiim;^ t 

5'^.all clearance. 



0«!LL AWD COUNTCRBOWE SIZES OftiLl AND COUNTERSINK SIZES 




rig, Wc'l -octernal tnrcad. Jli^e.-^d 
diarnoter ant nucib»^r of thiread^ rcr inch 
are .ptT't'ied, Infornati'on on t^tandard 
ttirea'i ".u":b t o: thr i: r er in 

: ^^ht^iin^i iron tabif'.,. 



8 



UN' 



rig, 7./" Keys, r.ey;^ ^-li k^yways 'ire 
uc:ed to rrevent ?liri.'a^:e between .^a-^t 
and mating part, ^^t^ndard types 3 A 
.:ize are obtained froz. t.ibley. 





fig* /, ^ .;ymbolr.. .r^cii. ymboi ; 
ar(? ufp-^ to ;^void ior^:; notes. 



ERIC 



'* i4fn^!'"' '° notes an^i .ynhol. on a dimensioned 

>. ;he student should be able to write standard threa i notes from information 
1.. tables for internal and extPi»nal thread?. 

5. The .-t.dent .ho.l . b. able to calculate ^lea-ance hole .izes for fasteners. 
^rUj"/ .'J^GTIOiN'S 

^' i^iU^olii? ^'^^^ specified, is it the entire depth of the hole to the 

2. ..cw deep ij ^ Gpotface? ..'hat is it used for? 

3. Ahat ic the advantage of a woodruff key? 

-ry is a taper pin used in preference to , 3trai--ht dowel oin'.- 

5. "an a "blind" hole be threaded all the wav to the bottom? 

1. ..rite a thread note for an external thread on a shaft. diameter V8 in. 
• i-enf:tn of thread - ? l/k in. 

\ '.rite a tiiread note for an internal threaded hole. Threads to mate »vn ^ h 1 
above, ^olo is tJireaded all the way throu^'h. 

J. «rit.-. a ur.ll an1 cour.tcrbore not-> for a I/Z'dia hexa^^on socket head car 

•■■.rite i irii: md countersink note for a ^^/'dia conntersur^ he .d car. orr?w. 



ERIC 



r» ' : . : 
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^ . t**'i:i irr^'- a tol^rsLtiCP. i?oleraii may re 

:r^Ai:u; or Iru tclera;.c^^ be .irectly 

. L' .>j.i:>ij,. * Mown, ^noo.-jint^ the corr^-ct toieroin':e 

t/hxii-.:!,; co,>t , r^xrt i imction requirement.,, mi i 
:a:t::.^ar co.'npan^ . Jlose t^leranceh a:'e jsualiy 
rr icer.. .>ner. po^joible, tolerances chouid i^e ^ 
. ^: t : ^.iction oermit. 



l^*L*c>r "K". li^eii.'iorii '■V -^f part f/'^-^.J 

::!i^e^c:or:^ . *: ^- t -.c .i- *. ij i . ^,e:i: a ''H^. 
are , ' ' ; . -jt^-r^ 






( ,03 in. ) 
( + .010 m. ) 



'^xolerances oix I'rartional 



' * r*^ * ^ ^ 

.•: -tr- 



or- 1 Lniicate toJerancoo 

- I i': : * ' • ] i^nef'' " on -1 nrt-'d. 



TOLERAN CES 

.XX - ± .03 
.XXX= ± .010 
ANGULAR 
OTHER 




LIMIT DIMENSIONS 
NOMINAL SIZE 

A OeSIGNATtON GIVCN TO THE SUBDtVtSK)N OF 
THE UN«T Of 4.€l#GtH HAVING HO SPECirCO LIMITS Of 
ACCUHACY BUT INDICATING A CLOSE ARPROXIMATtON 
TO A STANOAfU) SIZE. -A SHAfT 2' IN OlAMETtR. 

BASIC SIZE 

THE EXACT THEORETICAL SIZE fROM WHICH 
ALL LIMTTING VARIATIONS ARE MADE 2 .000' I N DIA. 

ALLOWANCE 

AMINTfi!:Tin::.\ OlffERENCE IN THE DIMENSIONS 
Of MATING PARTS. 

TOLERANCE 

THE AMOUNT OF VARIATION PERMITTED IN THE 
SIZE Of A PART. 



i • ' ^ ' ' ! 








0 


(Yi , ^ 


(J - \ 
i\) . . 
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017 
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i \ , 
f ' - ^ 
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i'^ig. 7.--H /acl.iae tolerance.'^., 

the machining process, i.s known, 
^n*•• tolf^ra/ico can hf^ c^ocifiod 
ba^ed on the capability of a 
. rr t ri in machine. 



r ig« 7.?q V.J. -A. J, J, tolerance 

-^i.ecte.i to -fit .-i .vvv.iin part 
i-inct^cn. Tolerance.: are 
---•ciiiPd without Tf.^ard to now 
t*K. r.art feature i.. r-^-nined. 



^aly a fiTiaii portion of o-.e taolf^ i; 



Jalc'il^t^' t:.t' hole an^i chaft ii'-.it d 



or a 1 3/'^ in. dia. 



* ook i.. tl.-' table unler til-h* 
''^etwe-c-n 1.1^ ar.d 1.9^ incne; . 
.ook arroos to find the plus ani -in^:-: variation from tne no.-ninal 
nife. Notice that t^.ece number^-, are exrrerr,od m thousandths of 
an inc h^ 

Arit- 'io^n \h^, nominil ^izc twic^ tor the -naft calculations and 
twice for t^p hoi- calculat lont,-. aai or rubtr-ict the lirr.itr from 
t-:'. table to -et the fu^l iiirit lir^er.i ±on^,. 



1.3750- 
^ .0016 



],37hw 





i.3'^5'^ 




( 'i'iX 

li-it ; 








TRO€ POSITION 


e 


C0NCfN1R)CiTY'*» 


® 


SYMMf TRV*"* 


1 



1.37^-' 

1.3730 

( 'lax 



1.3750 
- .0036 
1.371^ 



( Xin 



'/""'olr lioTt*^ v:t.. ■ ^rr,en; ion.*-^ 
/no-1. T' ar.^-'i to 



i ner. 

app!ir>e i tc t!A 
nhow tolvranc-.. b^^t^^^-n rf^at^d ^.art 
feat jr-*',. 





1 


irr.it) 






G£OM£TRIC CHAHACTtRfSTlC SYMBOLS 




Chgrocttrvhc 


Symbol i 






FLATNESS 








3TRAIGHTN€SS 




• 


Sngto 


^K?UN0NeSSinPCULA^l1 Y) 


0 


1 


CYLINOPiciTY 


<y 






PROFILE Of ANY LINC''* 




f 




PWtLE OF ANY SURFAa"* 








J^RAlLcLI^M'^' 


w 






PEi^«>CNOlCULARlTy 


J 






AKHk;CARlTY 










/ 



:it) 




4 00 .Ij 
0' 



J? 52/ j 
; i2 400 ^ 



L38 !35 05! 



0' '? 'jI> / 



thirl; AN'JLF •'"^RQJt ^^CN 
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grUDY .,U1£TI0NS 

1. A'hat is a unilateral toleranceV h bilateral tolerance? 

2. Uuin<5 tne title block tolerance block in fig, 7»26 what is the implied 
tolerance on a dimension of 2* >38 inches? 

Rewrite this as a limit dimension. 

» *^ : la 'i-rill'. ^ r ^-.o i i o! t.,* loler-'t..' rju^ O • 

5. Calculate the limit dimtnsione :or a 1/2'' dia shaft using a RC-5 fit. 

6# 'Jcnvert the answer to prob. 5 irito metric equivalents. 3e s'orc to maintain 
the same relative accuracy. 

ST u J Y ^ Jilt .Tl ions 

1. rtliich dimensions are selected f^^rst? 

2. Can dimensions be placed on the objejtV 

3* jvhich dimensions are placed cloi:>est to the object? 

^. hole should be dimensioned m which view? 

5# Ar-^ aligned or unidirectional drmensiono prefered? 

EXZHCIG^S 

Fully dimension the I Lowing drawin;;, UvSe decimal inch dimensions. 



7., 



I. .iriimurr hea^:ht :or ^oti^^riixtz on enj^ineerlng drawings is i/o in. 

^ho total hei -ht for a fract-5nal dimenf^aon i.houl i bf^ leaat in. 

^ Line thick:>7r... ror >xtenoion .in. ^5. rhoaid corrcGf^ond to "thin'» on a :.^n^ 
c\ irt. 

-ino .-^en. ity for exten icn li if?.-, ohoild be, nLACK. 

^. .;on- corpanys prefer arrovhe£. is 'no blarkencd in especially where the " irawin 
irri to be ricrofilmed. 

res. 

5.^t7? ^ ,03 in. = S ^.19 J- .76 mm rounded off to consiL^tent decree of accuracy. 



-nj'es z^n be dir-en^jicaed by ^ iviu- the len^-th of one Ic^ and the included 
an,^:le or by givm- the length of two le^-.i of the ancle. 

I'he center of an arc ououxci b- specifi-d when th^^ radi^.r. i,^ a critical location 
frorr. the center. 

.^oles are usually dimensioned in tl;e circuiar view, 
i.-nensioninj r.har't and cylinworf: 



o q5 



- Dia. 

X 



X 



OR 



X 

1" 



Dia, 



Jimensio.Mn:'; a roandod corner: 



X 45° CFP 

X 



- R.TYP. 

X 



ERIC 



\ 




ERIC 



ERIC 



NOTE: Roclier orm should pivot freely onT 



o 



.68DIA ...^ 
_ .414^ 

.413^ 



.05x,06 

SAW 



± 



-I8UNC 



ILL Z HOLES 



I' I 'I 



48 R T YP 




.03 '^45**crR 
eOTH tNDS 




,3002. 2 HOLES r? 
\ .3006 ij- 





Rocker Arm 

assembly drawing- 
all parts to scale 
except as noted 



Z6 



i; i T 



.500 

3oT 



'o"(.368) DRILL -j^-14-UNC 



' r» ^.1 '^JK Dirt ji^--^.io 



^any electrical aiii eiectroai.^ ,/.,t^Q^ -.-e de:.iis-:>^a -,tarr ,jv -^ita a rdock 
?r.l3 type rf .IrcV^iig a^pictc, tn- : met ion \c,^ [i^, ,or D3irts oi the 
ieai^Tr; aad ^ihows ^a.-aal flew trj^ou-h -;• • ea. ( ih', ma or ^^onctions of 

H.;)CK dia^ram« ..r.:* also ^c^uded jn a of working >lra--B^:«, often ai^ 
ixrtil aneet tf.e ^et cf drawxi^o, a^aci ici instruction . r^p^ar manuals. 
i\a<rraiB8 combine blocks with scaematic or pictorial el-a.-nts to give a 
^^icK graphic uapres^oa of tiie circuit. 

Moat Dlock :iagraaa are drr^ b^-covMuc^ to ihe^^e ba^ic ru.er; 
Only two or tnr^tj different s^^za '"Doxes'^ 

Sp4ic« boxes 3o areas or- e.^aaJ. Keep boxes in rous or coluaas. 
' onow sx^aal flow with arrow."^, 
^. -abel fiinctioa of eacn blocA. 

'* 5ht' °v!f'.^'^^-- '^""^'--^ ^-^^ --^^ ^-^^^P-ta on the 

riKht. ^■xsi.iary circuxts on cn- bottom. 



^ •''^'^ ' ' 

^ ' . l^J 



w • * ?Ok. ti * 



^- ^-^ V^^ical Dlcc< dia^rain. . ..e Heatn IC-12 Cocilloocope dia^^ram is shown. 
. • - OI bxocK:, 'xneniatic ynd ri-torial elements* 



L/i30RArCxY -79- 

!• '^he ^.tudeut jhould be able to layout a block diagram from a rough rketch* 
wie I'lvout ohou: i reflect the proper block aizes, spacing and function 



i. .^hat 1... tri^ a'ivantdre of ^ block diagram over a ^oC hematic diaTam' 
^. "jcjt blockr always be rectan^^ular in i.hape'i 
3. /*n:.t --001:^*^^"^ the =ize of a block? 

-iow do you determine how :rany blockc to uje? 

ilnw woii; a feedback circiit be r.no^Jli on a block dda^^ram'. 

Convert ttj^ .-cner-\tic diagram to a clock diagram. 'i:>e ti:v ru::ctio:.e- mnt^^d 
next to th^ tr-j:isi.tor.--, r,arv to shov; tne input and out-ut i-.n^ic-s un-. the 

row-rr j,ur:lv. 



( ■ 



r-^ 



"v'-^''; * :o;,o.^.A--' 
'■ ' ' "J 



INTfkHATIOHM HACVtSTfP /tonCl 3TMI 



..xerp^te.i from .IvM^ i'rX;TCK/ Vol. 
\ ..Ketch a Mock dia.-ram for a ^^rrv.n .a.yi ..y:.tem-. 
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CCN.NiCriON DLAGRAl-'-S AN3 LVrSRCONiNSCTION JL\GaA21'^ 



:uanection dia^rama chow the wiring between parts of an assembly. These 
drawings show the actu I wiring inside a particular unit. They are often 
uaed to instruct assemblers on how to wire a device and how the wires should 
be routed. 

. Interconnection diagrams show the external wiring used to connect a series 
of individual uMts. These drawings are often used for field assembly and 
installation purposes. 



Fig. 6.3 Wire coding. Wires 
used in connection work aure 
usually color coded. The color 
is either abbreviated on the 
drawing or shown by code nuabers. 
Wires taay olLso use a base color 
and one or more color stripes. 

Note: A wire coded 2/3 is red with 
an oraxige stripe. 



€olor 

Black 
Brown 
Red 
- OreUige 
Yellow 
Green 
Blue . 
Violet 
Gray 
White 



Abbreviation 

3K 
BR 
R 

0 
Y 

GN 

BL 
\f 

GY 
W 



Number 

0 
1 
2 
3 

5 
6 
7 
6 
9 



EMC 



1 



,>_jc — 



TtMM V 

V. J 



9 9 



?U. 'Pypicai 
connection drawing, 
rtll compdnents are 
housed in the same 
enclosure or chas- 
sis. 




/ 




Kiil^ Tabular connoctior. .h.-,rt. - JoTipare thi;, viril,; t.ble with th. 
11-1, T-iT o;, tho Tollowinr '.'-ire. 



connection 



ErJc i)^ 
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V Ml -H 



ERIC 



. elir.e t^'re connection 'lia.^rair., >nc wirin/; c 



nart in fi^^, 8.6. 
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! 







Fig. 8.3 Feed line connection diagram. Wire der.tinations are given, 
type of iia/^ram avoids a maze of crorsin^ lines. 



Thi< 



Fii^. 8,9 I'luc, Jack, terminal 
board etc. pin identification 
system. 



O 5 



ERIC 



Fig. 8.10 '.^ire destinations are 
lioted alon,: with wir<- code. '*B2'» 
(Hr dp2 ^R. 2 - r^d) 
Letter identification per chart 
i^otnowhere on thu Irawixi^. 



3o 



TB8 



^l4«/|-B4'-0 



RI49 

^TBie/2-B4 

-TBI4/2-86 
^Rl48/3-B7 
r-RI0l/2-B9 

• ASA IDENTIFICATION 
SYSTEM 




LABORA?DR¥^ ' -84- 

1, Vhi^ .:tudent ohouid be able to irnw or ;>kctch a connection irawint:. 
?hc Gtudrat '<hould he nulv to renl .i^i'^ wri c-^ ^ir'ur .i;.tr, or chart.s. 

1, iiow are wire colors ionoted? 

?, Is there ^ general rile rc^ardinr: the color wirr* to Ui>e bar^ed ca the 
circuit/ function of the connection? 

3. .Vhat is the correct identification for terminal 7 on terTiinal board jj*? 

^. lo color codin^r the cnly method uned for narkin-^ wires? 

5, ..hat is tne difference in the feed jine, base line and point to point type 
connection dia^-rams? 

1. .«rite a wiring list for parts 5 and 6 on the fpl lowing drawing, 
dot all pin numbers can be shown due to drawin;^ size limitation) 



:<'ote: l-artial, sirr^plifled tablt. is shown. 
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TCRMINAl 
DESIGNATION 



\U* Fig» 8>11 Drawing for exercise no. 
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XT ION rt,3 SCHEMATIC 



ocheraatic dia^;ramn u.se r>ymbolo to Jeoict ti:e eiectricp. coari-.-ctionL to every 
part 1:1 a device. .)ifferent tecmiiquc-. are Ir.ei to Jraw .:chematics m various 
.leidr; electronic, electrical and arcr.it ect oral, .'orkin.: with .schematics in 
each fie. d involves knowinc the symbol:, used the conventior.al methods of 
.snowin^^ the connections. 
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Vyac.i scnenatic symbol.; uoed in electronics diagrams. 



.icc.: .:-e exercise -x la section >.l for typical electronic ^cherr.ntic dia-^^ram. 
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Fig. 8.13 Typical indus' 
schematic* A.C. motor 
controller is shovm. 
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Switch 

Three-way switch 

Duplex convenience outlet (plug-in) 
220 V outlet (plug-in range, etc.) 
Relay 

Outlet (light) 
Telephone 

Other outlets - letter inside means type, as fan, heater, etc. 

Any letter by a symbol means something, as R = range, Dim = dimmer, 
wp « weather proof. 
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Fir. H.!** Architpctural oymhols and .-.ketch of a floorplan with .-.ymbol-,. 
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LAriORATOHY 



!• . The ijtudent should be able to i^ketch a scherantic dia/;rain from a prototype 
or pictorial layout. 

The student should be able to draw a schematic diagram from a rough sketch* 

3. The student should be able to read, sketch and/or draw an airchitectural 
3chenatic« 



STUDY ulTZSUC^S 



1. is the basis for spacing symbols on schematic diagrams. 

2. »^Gt schematic synbols always be placed vertically or horizontally? 

3. rtTiat IS meant by part ''identity'* on a schematic diagram. Afhat are the 
rule^? 

^. In what ways are industrial schematics slightly different from electronic 
schematics? 

In architectural schematics how are 220V circuits shown differently from 
standard II5V citcuits? 

1. Sketch the i>chematic diagram of the unit shown. 
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2. Sketcn tne floorplan for a classroom^ labratory or shop area and snow the 
architeotaral electrical schematic for the wiring. 
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J.-:CTIOJ< 8.4 LC'iTC DLA3RAKS, INTBdiiATHD CIRCUITS, FRINTSD CIRCUITS. 

Micro-circuits are fast becoming a standard item in industry. They can be 
designed with many componente inside a common case. These components are wired 
internally to perform a pre-determined function. Design of complex logic and 
electronics circuits is greatly simplified since the designer must only pick 
the proper building blocks. Charts, diagrams and drawings are needed to assure 
tho correct connections, power inputs etc. 

Most micro-circuits are wired and mounted to printed circuit boards. Special 
drawings are needed to produce printed circuits. 



Fi,;. .-i.l3 Typical symbols used in 
logic diagrams. 



Fig, 8,16 -Integrated circuit. 
ThivC has four separate circuit£ 
in one case. Note the input, 
output and power connections. 
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Fig 5^17 Internal logic inside the package. Note the four separate circuits 

the input/output notations. To the ri^ht is a "Truth Table" showing- how 
the circuit reacts to various inputs. "1" = yes or on, "0" - no or off.' 
t:hir notation can change for c>ome tycos of logic argument.) 
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Fi^, 8.18 Component outlitie drawing. The designer raust Iqiow the electrical 
and physical characteristics of every part. Part3 manufacturers supply drawings 
similar to this one for design and purchasing purposes. Fig* 8.I6 shows an 
outline drawing for an integrated circuit. 
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Flg> 8,19 Component outline irawinp for resistors, liarger wattage resistors require 
IsLT^er caise size» l-^esistors are available only in the sizes shown. 
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Fi^» 8»20 Component outline drawing 
for one type of capacitor. Capacitors 
are available in many case styles and 
sizes. 
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Fig> 8>21 Component outline drawing 
for a trsuisistor^ Transistor case 
sizes are usually specified as a 
TO- number (Transistor Outline) 
Note the connections, emitter, base, 
collector, pin orientation and spacing* 
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Fig* 8*22 Component outline drawin/^ i i 

for a diode. DO - number (Diod^ Ou tline) pp^HI H""^. 

Diodes must be oriented in the circuit j I I 

correctly. Note tJie banded end on the ^ ^ ^ aor [• . 4-^ V ••-•i 

diode. i'JV * 
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Fip:> 8>?3 "^oon^'ction drawing for an 
integrated circuit logic system. Phis 
irawin/j shov^?. the external connections 
between io/ic elements* It does not 
show tht^ Actual cooaections to the 
correct/pin niunb crs. 
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chart for Fig. 3,2^, 
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Fig Layout 
printed circuit 
/ay be fu.l, ?X or 
aise. X note negative 
i'. needed to prouuce 
?tr5hed circuit board. 
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Fij^;, '6.? 3 Integrat'^J circuits soldered 
in place on etched circuit board. 



JrlCTION ITEMS .93, 

!• Explain the logic functions of; or, nor, and# 

2. What can be done on a printed circuit board to avoid crossovers of circuit 
paths? 

3. Where car you find information on the sise and pin functions for integrated 
5 circuits'. 

^4. ibqjlain the proceot* used in making a etched circuit board. 

3. Look up the prices on some of the 7^00 aeries integrated circuits^ Would 
you classify them as expensive or inexpen.'ive? 

£X.^CIS£S 

!• From the connection diagram and pin connection information given, pre^^re 
a pin connection chart slmilai to fig, S.2k. 
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Note: Connect aTi 
pins. 

Connect all gnd 
pins. 



"94- 

2. JnineS the data and component outlines in thl.s section, sketch a 2X layout 
for a printed circuit board for the circuit sliown. 

Note: Use 1/2 watt resistors and can sire 1 capacitors. 
Use TO-lS size transistor case* 
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3. Usin^ the coraponert sizes given^ sketch an etched circuit layout to replace 
the ^'perfboard" unit shown. 
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ANSWERS 

SECTION ITSKS • * 
S2CTI0N 8>1 

!• The block diagram gives an overall picture of the device without regard to 
the exact components or wiring. It allows much quicker interpretation than 
the schematic diagram particularly for persons not trained in electrical 
or electronic circuits. 

?• lio. blocks sometimes take on the shape of schematic elements. 

5. tilock size is determined by the wording that must be placed in the block. 

^. There is no real answer for this question! Block diagrams can be as simple 
or complex as needed. Every electronic part has a function so the block 
diagram could be as complex as the schematic diagreun. 

5. The feedback circuit would usually be shown in the lower middle of the 
b'' :k diagram and the arrows would point to the left toward the inputs. 
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V 
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I.F. AMP 



X 



JttlVSR 



(Optional) 



OUTPUT 

in 




Inputs could include: F.M, Tuner, A.M. Tuner; Tape decks for 8 track, 
Cassette, Reel to Reel; T.V. Tuner, Record player etc. 

Pre- Amplifier, Video monitor 

Power 'Amplifier 

Speaker systems and headphone^. 



SECTION 8.2 
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!• Wire cplors are denoted by a one or two letter abbreviation or by color 
code numbers* 

2. Yea^ High voltage for example is usually red. 115V mains are usually gray* 

3. TB3/7 

V. No. Wii^s may be marked by adhesive labels, paint, and sometimes by hot 
stamping • ^ 

5« Feed line shows wire stubs with destination symbols. 
Base liAe shows all wires in a conaon single line. 
Point to point shows exact connection of wires. 

EXERCISES ""x 



NOTE: PARTIAL, SIMPLIFIED TABLE IS SHOWN. * 
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SiiCflON 8>3 

!• rk)ual area concept* 

Yes. Only in a few circuits (?ridge, delta, ^'Y" ito^ }\vp rtohf^m^tlc 
placed on an angle* 

3» Parts must be identified on a schematic diagram* These Identifications are 
related back to the parts list* Basic identifications are: R - 1, C,- 15 
D - 7 etc* In addition the value, voltage, device number^ etc *^ may bf shovm 
to make schematic interpretation easier* 

^* Industrial schematics use the block format and variations on some of tKe 
symbols* 

5* Different plug symbol and three wires instead of two wires* , 
EXERCISES ' ^ " ' 



1. 




2* To be answered locally « 
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!• These symbols refer to the output coaditioas of a device based on th% input 
coa^itioua. One explanatiozi might be: (positive logic) 

OH ... . if input A or B is oa^ output is on. 
NOH .... if neither input is oa, output is oa. 

- AND .... if input A and input B ia on, output is on. 

2# Circuit paths can be routed under components - uaing the coopoaant as a 
"bridge", double aided boards can be used, jumpers are sometioea neaded* 

3. No standard reference is generally available. Osually the individual part 
manufacturers oatalogj must be used. 

Artwork, photo«nagative, circuit board exposure, develop circuit imam, etdu 
drill holea. 



5» Very inascpenaive* 

EXEaciaa 

1. Connection diagram may vary depending on the IC-1, IC -2 etc. notation choaan^ 

IC-I IC-21C.3 IC.^ IC.6 IC.7 IC-8 IC-9 
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U: the 6ht:\ .cA c^xvyjncn^ out ir. thl.-^ 3cc*io:;^ t>.etch a 2X layout 

for a printed circuit Ho-ird for ihv circuit f^hown* 

Koto: Uco iyz wrtt rfciMorn and can sire 1 capacitorc* 
Uf:>e VO-lr T-.t* trauoiitor caoe# 
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GHAPTia ITEMS CHAPTER. VIII 
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5# Diagram may vary according to how IC's are labeled^ 
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CHAPTER IX -104- 
WELDING DRAWING 
SECTION 9-1 PROCESSES. JOINTS. AND syWBOLS 

The joining of two pieces of metal hy gas, arc, or resistance welding is 
an economical means of fabrication especially in the early stages of design 
A knowledge of •■he common welding processes, basic welded joints, and symbols 
used. to represent various welds is a necessity for the technician involved in 
preliminary design. 
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Figure 9-1 Basic types of welded joints. 
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9-2 Fundamental arc and gas welds with related symbols. 
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Figure 9-3 Resistance weld syinbols. 



SUPPLEMENTARY SYMBOLS 
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Figure 9-4 Supplementary symbols. 
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MOOT O^intHO; OC^TM OP FittINC 
rO« PLUO >MlO f COT WCtOt 
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Figure 9>5 Standard location of the elements of a welding symbol. 



Due to the standardization of welding symbols, precise information can 
be placed on a drawing regarding the exact type, size, and number of welds re 
quired. The following illustrations show typical examples of various welds. 
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Figure 9-6 Examples of welds. 



: 'AIK)^AT^^R Y - 1 06 - 

1* The student should bfj able to translate ANSI* welding symbols from 

a typical cros=; S'^ction into i clear and completo stdte^ment describinq 
the n^quired wt^id. 

2. The student should bo able to draw the correct ANSI weldinq symbols 

^nd applv them to a tytncal ]oint cross section from a word description, 

:.i:(:t:on itkm: 



}f • "Mr, 



1. What doM^ a fi-ld weld syrtol mdicdte? 

J, edq^' pi ep.*^ rat ion usually shown on a working symbol? 

Why i:^ wejdinq usually preferred over casting or forqinq in proto- 
^yi^o fabr icat ion? 



EXERCISES 



1. Draw the symbol for a 1/2'* weld on the other side of the Joint 
at (a) and both sides at (b) . 



/ 
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DESIRED 
WELD 




DESIRED 
WELD 



(0) 



(b) 



2. Describe the following weld. 
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CHAPTE.R ITEMS 

1. Make a weld assembly drawing on an A size'sheet of 
vellum using proper ANSI SYMBOLS. 

ANSWERS 
Section Items 

1. Welds nade after the initial fabrication. 

2. No. With proper weld symbols and notation a picture 
ofthe edge preparation is not required. 

3. Weldirvg is usually preferred in prototype labricatio 
because it is cheaper and faster. 

EXERCISES (solutions) 
1 . 




2. Field weld all around with 3/8" fillet weld. 
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CHAPTER X 

PIPE I>KAWING 



SECTION lQ-1 JOINTS, FITTINGS, AND VALVES 

Pipes which carry a fluid must be joined together and routed m various 
directions to get the fluid from one point to another. The joints and fittings 
which are required must form a leak proof seal and, in the case of high pressure 
lines, must be structurally sound. The flow of the fluid usually requires some 
control and this is achieved through the use of valves. Pipes are made from 
ferrous and nonferrous materials with various applications. The material from 
which the pipe is made and the condition of the fluid being transported are 
determining factors in the selection of fittings and j^nts. 

Pipe Material 

\ 

Pipe is available in steei , wrought-iron , cast-iron, seamless brass and 
copper, or plastic. Their --selection depends to a large extent on their appli- 
cation . 



'Pipe Joints and Fittings 

Fittings may be used to join pipes together, change size oi direction, or 
allow for brcinching. The type of joint and -fitting may be screwed, welded, 
flanged, or soldered depending upon material and application. 



Valves 

Valves are used to control the flow of fluids in a pipe. The more common 
types are gate valve, globe valve, and check valve - 



LABORATORY 

1- The student should be able to select the correct fittings and joints 
when gi^^en a pipe material, size, and application. 



SECTION ITEMS , 
STUDY QUESTIONS 

1. What is the purpose of a check valve? 

2. Name one kind of joint that can be used in a high pressure steel line? 



i. Of the two, w)iich offers the most resistance to flow; 3 qato val 
or qlobo vdlvc? 

L : 
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EXERCISE 



Make a list of the pipe and fittings to be ordered 
for the system shown in figure 10.1. Arrange 
the list in tabular form under headings of size 
?J^?.-JoIl?^i' ^^I^". fittings. etc. Use a scale 
Of 1 =20 for the length of pipe taken from the 
isometric. Use flanged cast-iron pipe. Pressure 
in tne pipe will not exceed 200 lbs. psi 



4" CAST IRON PIPE 



a" CAST IRON PIPE 




3" CAST IRON PIPE 



Figure 10.1 
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SECTION 10-2 SINGLE-LINE AND DOUBLE-LINE DRAWINGS 



Pipe drawings are made to show the size and location 
of pipes, fittings, and valves, A single-line draw- 
ing showing ANSI symbols is a fast and convenient way 
of making a drawing using orthonraphic or axonometric 
drawing. Double-line drawings are used when more 
detail is required in the drawing. 
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Figure 10.2 Single Line Drawing 
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UBORATORY 

1. The student should be able to make a single-line 
orthographic or isometric drawing from either 
word description or double-line drawing. 

2. The student should be able to make an orthographic 
or isometric double-line drawing from a single-line 
drawing. 

SECTION ITEMS 
EXERCISES 

1. Make a single-line isometric drawing of figure 10.3. 

CHAPTER ITEMS 
EXERCISES 

!. Make a double-line isometric drawing of figure 10.2. 



ANSWERS 
SECTION 10.1 

1. The purpose of a check valve is to allow flow in o 
one direction. 

2. Welded joints. 

3. ©lobe valve. The fluid must go thro^jgh the valve' 
at right angle to the flow direction. 
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CHAPTER XI GRAPHS 

SECTION 11.1 LINE GFJ'JPHS 

Line qraphs are commonly used in the engineering fiel^ because of their 
visual appeal and ease of interpretation. Some of the more common line graphs 
are the Rectangular Coordinate Graph, Semi logarithmic Graph, Logarithmic Graphs 
and the Polar Graph. 




Fig. 11.1 Typics.1 Line Graph 

The manner in which a curve is drawn on a graph will depend upon its deriva- 
tion. If the graph represents discrete values such as temperature or dates it will 
be made up of straight line segments and pass tarough all data points as in Fig. 
11.2 (a). For a curve that can be easily defined mathematically, it will be 
smooth and pass through all data points as in Fig. 11.2 (b) . A graph representing 
experimental data may be straight or curved and will take a mean p^th through the 
distribution of data points as in Fig. 11.2 (c) . 




(a) (b) (c) 



Fig. 11.2 

J > 'I 
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When constructing a line graph, the following suggestions should be con- 
s ide red : 

1. The horizontal scale should usually read from left to right and the vertical 
scale from bottom to top. 

2. All lettering on the graph should read from the bottom or from the left-hand 
side. 

3. The zero line should always be shown except for logarithmic graphs. The 
diagram should be broken if the scale is such that the zero line would not 
normally appear on the graph. 

4. Important numerical data and formulas should be included on the graph. 

5. The title should completely define the graph and be placed so that it is 
easily found. 

LABORATORY 

The student should be able to cinnotate a graph when given the grid, curve, and 
pert4nent data. 

SECTION ITEMS 
QUESTIONS 

1. What four line greiphs are most commonly used in the engineering field? 

2. On which side of the vertical axis is the label usually placed? 

3. Why does the zero line never appear on a logarithmic graph? 

4. On which side of the horizontal axis should the label be placed? 

EXERCISES 

1, Complete 'the graph in Fig. 11.3 by adding the given information. 
Title: STRESS-STRAIN DIAGRAM Soft Steel 

Horizontal axis label: Straia in inches per inch ^ 
Vertical axis label: Stress in pounds per sq. inch 
Scale on vertical axis: each sq , equals 1000 psi 
Scale on horizontal axis: each sq. equals .001 in, 

I O '^ 
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Plg. 11.3 

SECTION 11.2 RECTANGULAR LINE GRAPHS 



Rectangular line graphs are usually drawn on preprinted grid paper whose 
horizontal and vertical lines form small rectangles which range in sizes of 1 ntn, 
1/10*\ or 1/20- on a side. The horizontal and vertical axes of the graph on which 
the independent and dependent variables are plotted, respectively, are drawn about 
1" inside the grid to allow for lettering. 
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Fig. 11.4 Typical Rectangular Line Graph 



LA BDHATORY 

1. The student should be able to pick correct values from a r^'ct^inqu j.jr linr. 
graph. 

rn^i-"* student should be able to construct a rectangular line graph when given 

CIXIL ^ A «et of data. 
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EXERCISES 

.1. PLOTTI NG GRAPHS 




0.5 0.6 0.7 0.8 0.9 1.0 (i 

1^0 190 220 252 283 "^20 



Wg. 11.5 
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2- RECTANGULAR LINE GRAPH 

Looking at the following graph, completo the following unfinished material by 
providing the tenperatures m degrees for the given times- 
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TIME 



ERIC 



NOON 



1:00 
2:00 
3:00 
4:00 
5:00 
6:00 
7:00 
8:00 
9:00 
10:00 
11:00 



DEGREES 



80 



TIME 



MIDNIGHT 
1:00 
2:00 
3:00 
4:00 
S:00 
6:00 
7:00 
8:00 
9:00 
10:00 



DEGREES 
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SECTION 11.3 SEMILOGARITHMIC GRAPHS 

A semilog line graph is one in which two variables are plotted on semi logarithmic 
coordinate paper to fonr, a continuous straight line or curve. Semilog paper con- 
tains uniformly spaced vertical lines and logarithmically spaced horizontal lines. 
Semilog graphs are useful when the dependent variadDle has a large range. 




D' AHfTt H SHAFT 

Fig. 11.6 Typical Semilog Graph 



LABORATORY 

1. The student should be able to pick correct values from a semilog graph, 

2. The student should be able to construct a semilog graph when given a set of 
data. 



SECTION ITEMS 

EXERCISES ; ^ 

1. Using a sheet of semilog paper, plot the data in Fig. 11.7. 



133 



TPA/IPPRATI IRC 


STRESS 


T. Op 


S, lb. per sq. in. 


1,100 


2.700 


1.200 


1,250 


1,300 


570 


1,400 


270 



Fig. 11.7 



SECTION 11.4 LOGARITHMIC GRAPHS 



A logarithmic line graph has two variables plotted on logarithmic coordinate 
grid pa^^er to form a continuous line or "smooth curve Log grid paper contains 
logarif^mically spaced divisions on both the vertical and horizontal axes. Log 
and Se^milog graph paper can be obtained having as many as five cycles on an axis. 
Log graphs are used for comparison of large numbers of plotted values in a compact 
space and for comparing relative trends of several plotted curves on the same 
chart or graph. Log graphs are not the best form to present relatively few plotted 
values pr for displaying absolute amounts — but are very good for displaying an 
extensive range of values used in empirical equations. 
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Fig. 11.8 Typical Log Graph 
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lABORATORY 

1. The student should be eU>le to pick correct values from a log graph, 

2, The stjadent should be able to construct a log graph when given a set of lata. 



SECTION ITEMS 



EXERCISES 



1. Plot the given date 
on log paper. Choose 
the number of cycles 
each way to use most 
of the paper. 



SPEED 
RPM 


CAPACm 
CU. FT. PER HR. 


1.5 


il6 




57 




. 76 


6 


90 


10 


117 


15 


l'«3 


19 


170 


34 


220 


60 


280 


90 


355 



SECTION 11.5 POLAR GRAPHS 

Polar graphs are often used when data is to be examined with respect to various 
angular pos^^^^ions. The polar graph is different from the previous graphs in that 
the independent variables are marked off in degrees around the border of the graph 
and the dependent variables are marked off on the horizontal or vertical radial 
lines. 



\ 



J 



ERIC 



Fig. 11.10 Typical Polar Graph 
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l ^HQRATORY 

1. The gtudert should be able to*pick correct values from a polar graph, 

2. The student should beable to construct a polar graph when given a set of data, 

SECTION ITEMS 
EXERCISES 

I 

1. Construct a polar graph using the data in Fig, 11.11. \ 



Orientation , degrees 


Candle Power 


0 


130 


10 


200 


20 


30O 


30 


310 




300 


^ ' '^^ 50 


300 


6-^0 


290 


70 


^ > 280 


80 


270 


90 


' 240 


100 


200 


110 


280 


120 


285 


130 


290 


140 


305 


150 


320 


160 


330 


170 


340 


180 


330 



Fig. 11.11 Camdle Power Distribution 
in a Vertical Plane of an Incandescent 
Lampi Suspended frow the Ceiling, 



CHAPTER ITEMS 



QUESTIQ^ 

1.. Why is a curve sometimes drawn between plotted points on a graph rather than 
through them? 



2. What are the two axes of a graph called? 



1 1 

1 I - 



3. How are the values plotted on the X and Y axes? 

4. What are the two variables on a graph called? 

5. In reading a graph, how accurate must one estimate? 

6. Why are graphs used by scientists and engineers? 

7. What IS Che difference betw -n common rectangular graph paper and semilog graph 
paper? 

8. Why IS graph paper printed in various colors; i.e., black, orange, green, 
purple? 



EXERCISES 



1. RECTANGULAR LINE GRAPH 

- This is the frequency of the output of device "Y" as the temperature of 
the device is changed. 



o 

Temp. C 


Frequency (MHz) 


0 


100.0500 


2.5 


100. b? 30 


5.0 


100.0200 


7.5 


100.0100 


10.0 


100.0060 


12.5 


99.9980 


15.0 


99.9970 


, 1:7.5 


99.9920 


20.0 


99.9930 


22.5 


99.9910 


25.0 


99.9900 


27.5 


99.9910 


30.0 


99.9915 


32.5 


99.9960 


35.0 


99.9965 


37.5 


100.0000 


40.0 


99.9980 


42.5 


99.99 30 


45.0 


99.9875 


47.5 


99.9840 


50.0 


99.9820 


52.5 


99.9760 


55.0 


99.9765 


57.5 


99.9750 


60.0 


99.9740 


62.5 


99.9730 


65.0 


99.9720 
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2. LOG GRAPH 



Graph this data: 



y 


X 


y 


X 


2.0 


.1 


95.0^ 


J.O 


5.2 


. 2 


130. o'* 


5.0 


9.0 


. 3 


150.0 


7.0 


13.0 


.4 


170.0 


10.0 


22.0 


.6 


230.0 


20.0 


30.0 


.8 


260.0 


30.0 


50.0 


1.3 


280.0 


40.0 


72.0 


2.0 


300.0 


50.0 



3. SEMILOG GRAPH 



Here is some data on frequency response of an amplifier: 



Gain (dB) 


Freq. (Hz) 


Gain 


Freq. (Hz) 


Gain 


Freq. (Hz) 


20 


1 


40 


200 


40 


20K 


25 


2 


40 


300 


38 


3 OK 


27 


3 


40 


400 


36 


40K 


29 


4 


40 


500 


35 


50K 


30 


5 


40 


600 


32 


60K 




6 


40 


700 


30 


7 OK 


32 


7 


40 


800 


25 


80K 


33 ^ 


8 


41 


900 


20 


90K 


34 


9 


42 


1000 


10 


lOOK 


35 


10 


41 


2K 






37 


20 


40 


3K 






39 


30 


40 


4K 






40 


40 


41 


5K 






40 


50 


42 


6K 




• 


41 


60 


43 


7K 






40 


70 


44 


8K 






41 


80 


43 


9K 






40 


90 


40 


lOK 






39 


100 











Notice that there are five general groups of frequencies; 1-10, 10-100 
100-1000, 1000-10,000, and 10,000-100,000 These are the 5 cycles and' 
the reason you were to get 5 cycle paper. At other times, you may only 
need 2 or 3 cycles. 
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ANSWERS 
Section 11 > i 

1. Rectangular line graph, semilog graph, lo 

2. Left side. 



g graph, polar graph. 



3. Because the logarithm of a number approaches infini 



4. Lower side. 

ANSWERS TO EXERCISES 

Section UjJ^ (Engineering Graphs) 
i. 



ty as the number approaches 




Time Degrees 

Midnight 44 

A.M. 

1:00 42 

2:00 40 

3:00 40 

4:00 42 

5:00 [ 46 

6:00 50 

7:00 55 

8:00 eO 

9:00 e5 

10:00 70 

11:00 75 
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Sectian_ll_M (Log Graph) 




CHAPTER ITEMS 



ANSWERS TO QbESTIONS 

1. Ejqjerimental data vill always have some variation from the "true" values due 
to errors in reading instruments, slight changes in conditions, etc. 

2. The vertical axis is called the Y'-axis or ordinate and the horizontal axis 
IS called the X-axis or abscissa. 

3. Values along the X and. Y axes are positive up and to the right and negative 
down and to the left. 

4. Most physical systems with two variables have one which can be varied, by 
the experimenter and a second variable which depends on the first. The first 
'.IS called the independent variable and the second is called the dependent 
variable. 

5. To the nearest half of the smallest scale division. 

6. They are very descriptivs and cam be used to clearly show the results of an 
experiment, how a circuit or device behaves, to present data, and to show the 
relationshap between variables in mathematical equations. 

7. Roctangulai gtaph paper has equally spaced linear divisions along the vertical 
and horizontal axes. Semilog graph paper has equally Spaced linear divisions 
on the short axis and non-linear logarithmic spacing on the long axis. 

8. Certain reproduction processes require special colors and sometimes the grid 
lines are intended to not print script lightly or to print out strong when 
reproduced for an engineering report. 
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ANSWERS TO EXERCI5ES 

1. Rectangular Line Graph 




